Small cytoplasmic tubules are present in the interstitial cells and cnidoblasts of hydra. They are referred to here as "microtubules." These tubular elements have an outside diameter of 180 A and an inside diameter of 80 A. By difference, the membranous wall is estimated to be 50 A thick. The maximum length of the microtubules cannot be determined from thin sections but is known to exceed 1.5/z. In the interstitial cells the microtubules are found in the intercellular bridges, free in the cytoplasm and in association with the centrioles. In the cnidoblast they form a framework around the developing nematocyst and in late stages are related to the cnidocil forming a tight skein in the basal part of the cell. Especially in this cell, confluence of microtubules with small spherical vesicles of the Golgi complex has been observed. It is proposed that these tubules function in the transport of water, ions, or small molecules.
It is the purpose of this paper to present some observations on a fine tubular component of the cytoplasm as seen in the cnidoblasts and interstitial cells of hydra. Later papers will deal with the presence of similar structures in other hydra cells, and in a secretory cell and a photoreceptor found in the annelid Enchytraeusfragmentosus. In addition, some suggestions as to the probable function of these tubular elements will be made. They will be designated throughout this paper by the descriptive term "microtubules." They should not be confused with the agranular reticulum of such cells as the gastric parietal (34, 74) , lutein (21) , or testicular interstitial (14) , nor with the so-called "irregular tubulo-membranous component" reported to be present in the cytoplasm following certain unusual preparative procedures (2) .
Observations of similar structures in a wide variety of cell types have been reported in the last 5 or 6 years. In some cases they were reported as filamentous elements, and in others as tubules or canaliculi, although all these elements appear in the published electron micrographs to have a tubular form. The most frequently reported occurrence of such tubules has been in the achromatic spindle of mitotic cells, from which a number of authors (33, 42, 54, 63) have concluded that the spindle fibers are in reality 120 to 200 A filaments or tubules. These elements have also been recorded frequently in the dendrites of neurons (7, 30, 49, 69, 85) and in the cytoplasm of numerous protozoa (45, 57, 60) , and have sometimes been recorded in association with the centrioles of a variety of cell types (15, 25) . In fact, one of the most striking features of these microtubules is their ubiquity.
More than a century of light microscopic investigations have. recorded the presence of delicate filaments or striations in the cytoplasm of cnidoMasts and musculo-epithelial cells (in addition to the myofilaments of the muscular foot) which were most commonly interpreted as supporting fibrils ("Statzfibrillen"). Will (86) , Toppe (83) , and yon Gelei (27) concluded that the filaments in cnidoblasts which run from the cnidocil, surround the nematocyst and coil in the basal part of the cyto-plasm, were muscular, and functioned in some way in nematocyst firing. In the musculo-epithelial cells, however, similar filaments were interpreted as supporting in function. Mueller (43) , on the other hand, rejects these interpretations and, as a result of a special staining procedure devised by him, finds the cnidocil filaments to be elastic and the vertical filaments of the musculo-epithelial cell to be contractile myonemes. However controversial the function of these fibers has been, there is general agreement as to their presence. Their distribution among the cells and disposition within them is consistent with their identification as bundles of the microtubules described here.
MATERIALS AND METHODS
The animals used in these experiments were of the species Hydra (Pdrnatohydra) oligactis and Hydra littoralis. These animals are kept under continuous cultivation in this laboratory according to the methods devised by W. F. Loomis (39) . The hydras were fixed in solutions of osmium tetroxide buffered with veronal acetate (Palade, 47) or collidine (Bennett, 4), although the latter provided a somewhat less satisfactory delineation of the objects of this study. The pH of the solution was controlled at 7.5, or occasionally 7.7. Most of the fixatives contained calcium chloride at a concentration of l0 -3 ~, or calcium chloride and sucrose, the latter at about 0.6 M. The tissues were rapidly dehydrated in a graded series of alcohols, and embedded in Epon 812 according to the procedure recommended by Luft (40) . The sections were then stained with lead hydroxide as described by Watson (84) or Karnovsky (36) . Thin sections were cut on either a Porter-Blum or a Huxley-Cambridge ultramicrotome (equipped with glass or diamond knives). In some cases the sections were then coated with a thin film of amorphous carbon. The material was examined in an RCA EMU 3E electron microscope, and micrographs were made on Cramer high demarcation photographic plates at initial magnifications of from 8 to 30,000 and subsequently enlarged photographically.
OBSERVATIONS
The description which follows will deal with the appearance and relationships of the microtubules during differentiation from interstitial cell to mature cnidoblast. Because the morphological manifestations of interstitial cell differentiation into cnidoblast as well as the coincident development of the highly structured secretory product, the nematocyst, have been described previously (76, 78, 79) , only those aspects of the process which are pertinent to the subject at hand will be described here.
The interstitial cell is a small, relatively undifferentiated cell as illustrated in Fig. 1 . Characteristic of this cell is the paucity of cytoplasmic membranous elements, particularly those identified with the endoplasmic reticulum. The Golgi complex is present but is very small and has few small spherical vesicles associated with it. Most characteristic of the interstitial cell is the abundance of ribosomes found in its cytoplasm. This cell undergoes rapid proliferation and the daughter cells remain bound together by intercellular bridges, illustrated in Fig. 1 . There may be fourteen or more such cells bound together by these patent cytoplasmic communications. When the proliferation of the interstitial cells ceases, the first indications of differentiation into a cnidoblast can be seen in the appearance of small scattered vesicles of granular endoplasmic reticulum. These vesicles continue to increase in size and number, and at the same time the vesicles of the Golgi complex become more numerous (Fig. 7) . Soon the secretory product can be recognized in a single large Golgi vesicle, and some of its elements can be distinguished (Fig. 8) . In these early stages of development there appears a less dense peripheral material which is the capsule (Fig. 8, Ca) of the nematocyst. The capsule is flask-shaped and open at one end. Inside the capsule there is a heterogeneous aggregation of particles, some relatively electron transparent, others electron-opaque (Fig. 8, Hg) .
This granular material extends to the open end of the capsule and, as it continues to accumulate, exceeds the volume of the latter and coils about in the cytoplasm of the developing cnidoblast. Ultimately this material will be withdrawn into the capsule, as the inverted tube, and a variety of spines and thorns (complex enough to permit distinction of at least seventeen types of weapon) will develop upon it. From the beginning of nematocyte development the Golgi complex is very prominent, with numerous small spherical vesicles and large expanded sacs. Furthermore, it is always closely applied to the tip of the elongating tube, no matter how tortuous its extracapsular course. In Fig. 8 , this condition can be seen as the tube has just begun to exceed the volume of the shell and to project into the cytoplasm. When the endoplasmic reticulum attains its greatest elaboration it nearly fills the cytoplasm forming large flat sacs concentrically arrayed, and the Golgi complex also becomes very extensive. (This condition probably signifies maximum synthetic rate.) When the synthesis is complete, the endoplasmic reticulum breaks up into small vesicles and gradually disappears, and finally the Golgi complex returns to a much less prominent condition (Fig.  20) . The tube, coiled through the cytoplasm, is withdrawn into the capsule which is then closed by an operculum. Having thus been separated from the cytoplasm, the granular material begins to form the elaborate structure of the nematocyst, two kinds of which can be seen in Figs. 21 and 22. Fig. 21 is of a stenotele with three different varieties of thorns on its tube, and Fig. 22 is of a holotrichous isorhiza.
In Fig. 2 , a small part of the cytoplasm of an interstitial cell has been considerably enlarged. In addition to ribosomes, mitochondria, and small scattered vesicles of the Golgi complex or endoplasmic reticulum, another cytoplasmic element can be seen. It is composed of small tubules, having an outside diameter of approximately 180 A, an inside diameter of approximately 80 A, and a membranous wall 50 A thick. As seen in this illustration (Fig. 2, Mt) , they are found sometimes disposed in packets at right angles to each other, but elsewhere they are scattered throughout the cytoplasm. Their relationship to the centrioles is suggested, even in this micrograph, by the oblique section of the centriole (Fig. 2 , Ce) from which tubules radiate, but it should be stressed that these tubules may be seen in parts of the cytoplasm very distant from the centrioles. Fig. 6 illustrates more clearly the relationship between the microtubules and centrioles. One of the centrioles in this micrograph has been cut at right angles to its long axis and shows the typically cylindrical disposition of nine triple-compartmented tubular structures.
Numerous microtubules (Mt) appear to radiate from these centrioles. In other illustrations it can be seen that the microtubules rise from both the base of the centriole and the sides of the tubules of the centrioles. Fig. 26 shows another centriole cut in such a way as to illustrate this radiating pattern again.
Figs. 3-5 show three intercellular bridges con necting interstitial cells. The microtubules can be seen running in these bridges but they exhibit no preferred orientation relative to either axis of the bridge. In Fig. 5 there is a dense body making an FIGURE ~ A small piece of interstitial cell cytoplasm is enlarged to show numerous microtubules (Mt) in its cytoplasm. Some are cut in cross-section, others in longitudinal section. In the upper left corner of the micrograph, just beneath the plasmalemma is an oblique section of the base of a centriole from which microtubules evidently emanate. X 5~,500. incomplete septum between the two adjacent cells at the level of the annular expansion of the bridge. This dense body is interpreted as the so called "intermediate body" (3) . It will be remembered that the intercellular bridge is the last remaining area of the achromatic spindle, and indeed these microtubules resemble closely structures which have been interpreted by other authors as spindle remnants (9, 10) .
Among the most striking relationships shown by these small tubules is that which they bear to the nematocyst. , it can be seen that these tubular structures are in fact microtubules. Their wall is invariably 50 A thick and they pursue a relatively straight unbranched course set at regular intervals around the nematocyst. In many instances, such as those illustrated in Figs. 13-15, a connection can be seen between the microtubules and the small spherical vesicles of the Golgi complex lying immediately adjacent to them. In sone cases it is difficult to tell whether the tubules end in the small vesicles or whether, as illustrated in Fig. 18 , the tubules have short branches which in turn connect with the small spherical vesicles. The former are more often seen. Fig. 19 illustrates another activity of the Golgi membrane which encloses the developing nematocyst tube. It appears that small spherical vesicles are being formed from this membrane, although it is possible that they are being added to it. The significance of this observation is not yet under stood.
As the nematocyst matures, the centrosome moves to the opercular end where it participates in the formation of a complex structure known as the cnidocil. The latter is associated with the firing mechanism of the nematocyst and is composed in part of a large, slightly modified cilium with basal granules, surrounded by an eccentric circle of twenty-one (-4-3) highly modified cilia with equally modified basal granules (Figs. 24 and 25). It can be seen in favorable sections that the microtubules arise near all twenty-two of these basal granules (Figs. 24, 26 and 27), although some seem to arise near the plasmalemma (Fig. 27 ). Particularly striking is the way they radiate from the circumference of the upright centriole of the main cilium. Although it is difficult to obtain sections illustrating this condition, it may be faintly discerned in Fig. 26 . The microtubules pass fi'om the area of the cnidocil to surround the nematocyst beneath it ( 
D I S C U S S I O N
One of the earliest observations of microtubules was reported by Palay (48) , who called attention to their presence in both dendrites and axon terminals in the neuropil of the abducens nucleus of rats. He described them as "long, tubular elements of the endoplasmic reticulum, about 180 A wide and remarkably straight." Though present in axons, they FIGURE 6 A pair of centrioles (Ce) in an interstitial cell which has begun to differentiate into a cnitloblast. Notice the numerous microtubules (Mr), most of which appear to be radiating from the diplosome region. The plasmalemmas of this and the adjacent cell are in the upper right and Golgi vesicles are prominent in the lower left. X 75,500 FmvaE 7 Golgi complex of an interstitial cell differentiated to about the same extent as that in Fig. 6 . Compare this Golgi complex with the one in Fig. 1 . Notice especially the prominence of the small spherical vesicles. X ~7,500.
were found to be most prominent in the dendrite and distinct from the smaller neurofilaments which he described elsewhere (50) . Their identification as "tubular or canalicular, membranous elements of the endoplasmic reticulum" was supported in the following way (48) . "At irregular intervals they are dilated into chains of vesicles of various diameters. Occasional clusters of small, dense granules, 50 to 60 A in diameter, lie among these canaliculi, especially at the bases of branches. These granules represent small clusters of basophil material corresponding to the small clumps of Nissl substance seen particularly at sites of dendritic branching in stained sections examined with the light microscope." Subsequently, numerous authors (7, 17, 20, 30, 49, 72, 85) have reported mlcrotubules in the dendrites of a wide variety of neurons. However, further evidence for the interpretation of microtubules of neurons as specializations of the endoplasmic reticulum has not been adduced.
Though the presence of nerve cells in Hydra was recorded many years ago (70) , the subject has remained controversial. However, it is evident from recent investigations in this laboratory that such cell types do exist in Hydra, and that they, like other neurons, contain 180 A microtubules in their cell processes. More details of this occurrence will be published in another paper.
As mentioned above, perhaps the most consistent reports of microtubules have been in the motitic apparatus of dividing cells. Early in the application of electron microscopy to cytological problems, a search was undertaken for evidence of the fibrous nature of the achromatic figure. The earliest observations were severely hampered by the inadequacy of techniques for cell preservation and sectioning (1, 32, 75) , but by 1954 Porter (53) reported a tubular component associated with the achromatic figure. Since that time it has been established by a number of authors (42) that spindle fibers and chromsome fibers and probably fibers of the astral rays, in such diverse genera as crayfish (68, 87) , sea urchin (33, 37) , amoeba (63, 64) , chicken (5), mouse (73) , and man (5), are in fact fine tubular elements having an outside diameter of from 140 A as reported for Pelomyxa carolinensis (62, 63) to perhaps 210 A as reported for some mammalian cells (5) . In Hydra, mitotic figures have been observed only rarely since the introduction of techniques which favor adequate preservation of the microtubules. However, the intercellular bridges which bind together the differentiating cnidoblasts contain spindle remnants (as shown earlier by Fawcett, Ito, and Slautterback, 24), and these are tubular structures, with an outside diameter of 180 A as seen elsewhere in the same cells. Nagano (44) has also reported the appearance of fine tubular structures which he interpreted as spindle remnants in and about the bridges binding together spermatocytes of the rooster. Buck and Tisdale (9, 10) have published recently a description of the spindle remnant and midbody in the intercellular bridges of proliferating rat erythroblasts. These authors did not comment on the tubular nature or dimensions of the spindle fibers; some of their published micrographs are too low in contrast or magnification to illustrate these properties, but others of their micrographs and the originals which were demonstrated at a recent meeting of the American Association of Anatomists (8) clearly support the tubule concept and exhibit a dimension of approximately 160 A. Particularly difficult to explain is FIGUnE 9 In this transverse section of the upper part of a developing nematocyst the smooth Golgi membrane encasing the nematocyst can be seen. Immediately peripheral to it are numerous oblique sections of microtubules. External to these is an incomplete layer of small spherical vesicles, a few of which are closely approached by microtubules. A layer of large flattened Golgi sacs, followed by more small spherical vesicles, completes the circumferential laminations. )< 41,000. the random orientation of the mlcrotubules in the intercellular bridges of Hydra. This evident disorientation of the microtubules relative to their condition in the spindle may be related to the transient appearance of the midbody of B~lfir (3). This latter structure appears after the intercellular bridge has been formed, and later disappears, though the bridge itself persists. For a time the midbody seems to interrupt the intercellular bridge and may in this way disorganize the tubules.
Other observations of cytoplasmic tubules have been reported from the protozoa, particularly the ciliates and flagellates. Roth (59, 60, 61) has shown them to be present beneath the plasma lemma of Euglena gracilis, Peranema trichophorum, Euplotes patella, and Paramecium aurelia. The list of investigators who have observed fine filamentous structures in the cytoplasm of protozoa is too long to include here, but every observation of which this author is aware records a structure having a more dense periphery and less dense center, which would seem to be tubular. Most of these elements measure from 140 to 200 A in diameter. In addition to being found in the ciliates mentioned above, they have been seen both beneath the plasmalemma and in association with the parabasal body in such animals as Carchesium (56) , CoIeps (66) , Ephelota (65) , Tokophrya (67) , Opalina (45, 46) , and in Sp#ostomum ambiguum (57) . In the last named animal a 200 A tubular element was associated by Randall (57) with the myonemes, a presumably contractile element of the cytoplasm. Also, Steinert (81), Steinert and Novikoff (82) , and Schulz and MacClure (71) have observed tubular elements beneath the plasmalemma of Trypanosomes. Not all of these tubular structures have been reported to have the same size. However, if allowance is made for the probability of some inaccuracy in the reported dimensions resulting from such things as microscope calibration and differing methods of preservation, it would seem that there are two size categories of such tubules in protozoa, These are represented by those tubules measuring about 120 to 200 A and those which have an outside diameter of about 270 A. The latter are usually found in association with the plasmalemma, whereas the former are more often seen near the centrioles or basal granules. Though usually found separately, at times both types of tubules are present in the same cell. In Hydra, only those tubules having a 180 A diameter have been seen. It is believed that these tubules have different functional capacities. Support for this belief will be cited below and in a subsequent paper.
Microtubules have also been reported to be found in association with centrioles. Although the techniques of preservation militated against accurate preservation of detail, Bessis, Breton-Gorius and Thi~ry (6) in 1958 observed fine tubular structures 200 A in diameter projecting, in two tiers along radii, outward from the circumference of the cylindrical centrioles in blood leucocytes. They concluded that these tubules terminated, 650 to 900 A from the centriole, in small spherical masses or vesicles. These observations are reminiscent of the situation in Hydra, where the microtubules can be seen to emanate from the circumference of the centrioles, and elsewhere continuity with small spherical vesicles has been demonstrated, de Harven and Bernhard (15), Bernhard and de Harven (5), Gibbons (28), Gibbons and Grimstone (29) , and Gall (25) have noted a similar relationship between structures (which their micrographs confirm to be microtubules) and the centrioles in mitotic and interphase cells. It is interesting to note that the ciliary filaments which emanate from the distal ends of centrioles are similar in dimensions and general appearance to the microtubules which arise from the circumference and proximal ends of the same centrioles. And further, in considering the relation to eentrioles and the continuity of microtubules with Golgi vesicles demonstrated here, it may be significant that other investigators ( 1, 31 ) have suggested that the centrioles regulate the amount of Golgi membranes present in a cell.
In 1955, Burgos and Fawcett (11) In addition to these findings of tubules in male germ cells, a recent observation has shown a 180 A tubule to be present in the cytoplasm of spermatocytes from the flatworm Plagiostomum. These observations were reported by Christensen (13) , who saw them beneath the plasmalemma where "they pursue a spiral course up the body of the sperm." " T h e cytoplasm around the middle portion of the nucleus contains whorls of flattened cisternae, resembling endoplasmic reticulum (without ribosomes), which extend out to insert along every other or every few" tubules. Christensen, together with Fawcett (14) , has also published an elegant paper concerning the fine structure of the testicular interstitial cell of the opossum, in which a 180 A tubule occurring in bundles in the cytoplasm of that cell is described. Although open communication between these tubules and the endoplasmic reticulum was described, Christensen was unable to demonstrate a specific involvement of the microtubules in the secretory function of this cell. It is significant to note that these tubules of the interstitial cell were shown by the authors to have continuity with a small spherical vesicle, the membrane of which was free of ribosomes. They interpreted this observation as indicative of direct continuity between the tubules and the agranular reticulum.
Another report of microtubules in a secretory cell was made recently by Philpott (51, 52) , who found 180 A microtubules in the socalled "chloride" cells of the fish, Fundulus. Although the microtubules in this "ion secreting" cell are found scattered throughout the cytoplasm, they are generally oriented parallel to the long axis of the cell and seem to be directed toward the apical vesicle, into which the secretory products are liberated.
In a report by Fawcett (23) (18) recently. In a recent report by Iurato (35) , 215 A filaments are described and illustrated in the cytoplasm in the cytoplasm of pillar cells and Deiters' cells in the organ of Corti of rats. The author dismisses as artifact the frequent and prominent tubular appearance of these elements. However, because of the hazards of interpreting thin methacrylate sections of such small elements when they deviate only a few degrees from the strictly transverse or longitudinal, a final decision as to the nature of these structures in the mammalian ear should await further critical investigation.
Finally, it has been said that the microtubules described here are not the same as the "irregular tubulo-membranous component (ITM) of protoplasm" described by Battig and Clevenger (2). The ITM, which are present in both nucleus and cytoplasm, are said to have a limiting membrane less than 30 A thick and to "form irregularly arranged basic tubules about 100 A wide. These branch copiously, are studded with saccular expansions, and occasionally appear as attenuated filaments. Cytoplasmic distribution is general, but is obscure around other formed elements." The differences in dimensions, distribution, branching, and continuity with filaments, as well as a stated great variation in density along the length, serve to differentiate them sharply from the microtubules.
From the foregoing brief review it is evident that structures similar to those described here have been observed in cells of animals representing a number of very different taxonomic groups, from the ciliates to the primates, and in one plant. Although this report can offer no conclusive data on their function at this time, it is suggested that, in broadest terms, these structures have a similar function in all these cells, and that, as a first hypothesis, there may be a subdivision into two specializations of function coincident with the apparent bimodal size distribution. With but few exceptions, which may perhaps be attributed to the difficulty of obtaining accurate measurements from electron micrographs, in all cells having microtubules the tubules appear to have an outer diameter of either 270 A or 120 to 200 A. The former microtubules function evidently as elastic bodies, such as in the fish erythrocyte, the trypanosomes, some of the ciliates, and in some spermatocytes, whereas the latter microtubules seem to function in the synthetic or metabolic activities of the cell, and they are found related to the Golgi complex, the endoplasmic reticulum, the centrioles or, in the special case of mitosis, to the achromatic spindle. In the light of the studies reported here and of the peculiar relationship of the organelles to the secretory product in the cnidoblast of Hydra, it is felt FmURE 18 A grazing section of a nematocyst tube (*) shows many microtubules cut longitudinally. At the arrow, one tubule has a curved branch which is confluent with a small spherical vesicle of the Golgi complex. )< 59,000. FIGURE g0 A nearly mature nematocyst is still encompassed by a large number of microtubules. The endoplasmic reticulmn is greatly reduced in amount and the Golgi complex is in a relatively inactive form. The adjacent musculo-epithelial cells (ME) also have many microtubules. The cell process labeled Nn is probably a neuron and has many microtubules in its cytoplasm. X 38,000. that certain other speculations as to function may be justified.
It has been shown (79) that, during the process of secretion of the components of the nematocyst, the newly synthesized material is apparently dehydrated and condensed in the Golgi complex before it is added to the partly formed nematocyst. The intimate relationship of the microtubules to the Golgi complex suggests that they may also be involved in this process. Furthermore, when the tube of the nematocyst is completed it is coiled about loosely in the cytoplasm and must be withdrawn into the nematocyst shell and the operculum closed, before more structure appears in this tube. It is difficult to understand how this large volume of material can be withdrawn into a shell whose volume changes little, without a considerable degree of dehydration of that material. The very close association of the microtubules with the membranes derived from the Golgi complex surrounding the nematocyst at this time is again suggestive of a function related to water or electrolyte transport. One of the enigmas of nematocyst development has been that the elaborate structure formed in the tube of this secretory product does not begin to develop until the tube is withdrawn into the shell and thus completely isolated from the cytoplasmic organelles, which might be found responsible for the imposition of structure. Since it is not uncommon to produce structured systems out of unstructured ones by relatively minor variation of the ionic strength of the medium, it is tempting to infer from the events in the cnidoblast that the microtubules are involved in the production of a change in ionic strength within the nematocyst shell. The fact that small vesicles can be seen forming on the membrane bounding the nematocyst and that similar small vesicles can be seen in continuity with the microtubules lends support to this speculation. The presence of these microtubules in ion secreting cells and neurons is also consistent with this notion of their function. And in this regard, it should be noted that in published micrographs of the glomerular epithelium of mammalian kidney (22) there appear to be numerous microtubules in the cytoplasm near the plasmalemma.
In our present state of understanding of membrane function and construction it is difficult to interpret the significance of the thinness of the membranous wall of the microtubules, and no positive proposal as to the molecular organization can be made at this time. However, the structure of the thin membrane reported here may not be accurately represented by the conventional interpretation of a bimolecular phospholipid leaflet with expanded polypeptide chains adsorbed on both surfaces. Furthermore, the ubiquity of the so called "unit membrane" and the support which this concept has given to the conventional interpretation may be cast in some doubt for microtubules, since the three-layer profile, which is a defining property of the "unit membrane," is not seen in them. Whether this is indicative of a fundamentally different organization of the protein and phospholipid of the membrane, or whether the relatively fluid phospholipid layer has been compressed below the limit of resolution by osmotic or other pressures within the tubule can only be guessed at, although it may be noted that the width of this membrane is about equal to two of the lines of the "unit membrane." Whatever may be the correct interpretation of this and other thin membranes, their presence in cells necessitates a reevaluation of the requirements for stability and of the concepts of molecular orientation in proteolipid membranes.
Regardless of the above considerations, it seems reasonable to assume that the membrane bounding the microtubules has properties similar to those of other complex phospholipid-protein membranes with which it is continuous. One of the best established properties of such membranes is their ability to concentrate ions at their surfaces. Such a situation would greatly favor the ability to transport ions in the tubule parallel to its long dimension, assuming that this membrane, like others, bears negative charges on its inner and outer surfaces. In addition, it should be pointed out here that a high degree of selectivity of this membrane may be inferred from its continuity with the membranes of other organelles having demonstrably selective properties. The transport of positive ions through the tubules would be dependent upon the ability to remove them at one end of the tubule. It is also tempting to speculate further that, given this function for the microtubules, their association with the firing mechanism of the nematocyst might be more easily explained. Those ions or small molecules being removed from the nematocyst by the microtubules, were they to be stored in the extensively coiled portion of the microtubules at the base of the cnidoblast, could be returned to the nematocyst upon stimulation of the cnidocil, thus allowing for its sudden expansion and eruption through the operculum. It is interesting to note in this regard that the firing of the nematocyst is extremely sensitive to the relative concentration of divalent metal ions, such as calcium and magnesium. As mentioned above, this function also facilitates explanation of the relatively sudden appearance of complex structure in the previously formless contents of the nematocyst capsule.
It should be stated that the author is aware and respectful of the arguments that structures which appear to be tubules may in fact be filaments whose inhomogeneous density is an artifact resulting from such p h e n o m e n a as preferential deposition of osmium or stains at the surface. While every effort has been made to preclude such misinterpretation, and the constant thickness of the m e m b r a n e militates strongly against it, two counterarguments must be borne in mind. The one is that, in the absence of incontrovertable evidence, the choice of the term filament rather than tubule is neither more cautious nor less committed since the different sets of properties denoted by the two terms are approximately equivalent. In fact, when one is confronted with the sort of evidence adduced here, the preferred designation iS clearly "tubule." The other is that a structure need not be hollow to be a tubule. Such trivial examples as domestic plumbing in which the pipes, filled with water, would not be regarded as rods by any observer, or chromatograph columns, in which the functional properties are m u c h more akin to tubules t h a n rods, will serve to illustrate this point. In fact, we might say that minor differences between the core and periphery of an elongate structure, in such properties as the rate of diffusion of a given ion, constitute a functionally accurate definition of a tubule. Indeed, from such considerations one might suggest that the conventional designation of the nine plus two elements of cilia, flagella, and sperm tails, and the nine triplecompartmented elements of centrioles as ciliary or centriolar "filaments" is an impediment to the accurate understanding of their function. Indeed, what is hoped for here is that some of these speculations, rather than closing the issues, will engender renewed interest in the numerous peculiar properties of tubules and that it be generally recognized that cells possess a "microtubular system" whose unique structural and functional properties and widespread occurrence justify its consideration as a discrete cytoplasmic organelle.
The author wishes to apologize to the few investigators who have reported the presence of tubules in such cells as neurons and protozoa but go unmentioned here owing to the limitations of space.
Indebtedness is acknowledged for the expert technical assistance of Marjorie A. Johnson and Gunvor Sommerhaug.
The studies here were supported by research FIGURE 24 "Parasa~ttal" section of a late nematocyst showing many longitudinal sections of microtubules. Some of them appear to arise in the vicinity of the "stiff rods" (R) of the cnidocil apparatus. X 36,000.
FIGURE ~5 The figure illustrates a cross section of a cnidocil apparatus. To one side of the center is the slightly modified cilium (Ci) surrounded by cross-striated filamentous material connecting it to the "stiff rods" (R) and operculum. The number of the stiff rods varies slightly; in this case there are 18. Some of them appear more dense (R1) because the section has passed through the rootlets, and others appear less dense (R2) because the modified basal granules or cilium itself has been sectioned. X 37,000.
FIGURE ~6 This is a cross-section through the centriole at the base of the cnidocil cilium of a stage earlier than that of Fig. ~5 , before the formation of the "stiff rods." There are many longitudinal sections of microtubules emanating from the circumference of the centriole. )< 35,000.
FIGURE ~7 This is the same stage as the cell in Fig. ~6 , but the cilium is seen in longitudinal section. Because the cilium lies flat against the surface of the cell, the same cytoplasm is seen above and below. The section has missed most of the microtubules which arise from the circumference of the centriole, but other microtubules can be seen to arise at or near the plasmalemma. Note the cross-striated filaments constituting the rootlets. X 28,000. 
